Based on the ionospheric electromagnetic data observed on DEMETER satellite of France, the ionospheric electromagnetic signals were analyzed within 10 days before Chile M7.9 earthquake on November 14, 2007. It is found that, low frequency electromagnetic disturbances began to increase in a large scale of latitude, and reached to a maximum one week prior to the earthquake, and at about three days before the quake, the peak values shifted to lower latitude. Taking three days as a group, spatial images of a few parameters were analyzed, from which it can be seen during the five days prior to this earthquake, the amplitude and scale of anomalies are enlarged, while the epicenter is located at the boundary of anomalous region. The anomalous tempo-spatial variation in electron density prior to the earthquake were also obtained in terms of tracing the data from revisited orbits in half a year prior to the quake.
Introduction
Earthquake short-term prediction is one of most challenging issues in the world at present. Observation and research illustrate that lots of anomalous electromagnetic signals have been recorded a few days or hours prior to the earthquakes. Due to the limits of surface observation, the area and events included in the study were largely restricted. Since 1980s, electromagnetic observations on satellite have been developed in many countries, and spatial electromagnetic precursors have been reported since then (Larkina et al, 1983; Chmyrec et al, 1989; Parrot and Mogilevsky, 1989; Pulinets and Legen'ka, 2003; Molchanov et al, 1993) , which provides a new observing technique for the researches of seismic-electromagnetic effects.
On 29 June 2004, DEMETER satellite, the first satellite for earthquake monitoring from space, was launched successfully. Researchers from many countries have been participating in the studies of DEMETER's data, which has become a new item to apply satellite electromagnetic observation to earthquake science. This paper analyzes the DEMETER satellite data of continuous 10 days before the M7.9 earthquake in Chile on 14 November 2007. At the meantime, for the key orbit, the revisited characteristics of every 16 days are traced and compared to make sure the relationship between anomalous perturbations and the earthquake. The results show that a few parameters presented apparent disturbances in ionosphere before the earthquake. Finally the evolution feature of anomaly was analyzed in detail.
DEMETER satellite
DEMETER satellite is designed to study ionospheric disturbances related to earthquake, volcano and human activity, and to detect the electromagnetic environment in global scale (Berthelier et al, 2006a, b; Lebreton et al, 2006; Parrot et al, 2006a; Sauvaud et al, 2006) . The satellite has quasisolar-synchronous circular orbit with declination 98.23°, weight 130 kg and height 710 km (which decreased to 660 km in the middle of December, 2005) . Its life was supposed to be two years. However, it is still operating now.
A set of instruments were deployed on the satellite, including ICE to detect electric field from DC to 3.5 MHz; IMSC to measure the magnetic field from a few Hz to 20 kHz; IAP to detect ion density and temperature and so on; ISL, Langmuir probe to measure the electron density and temperature. Two kinds of data with different operating modes are provided: survey mode with low sampling rate and burst mode with high sampling rate as the satellite flies over the seismic zones. The mission center of DEMETER provides the data that can be downloaded and Quicklook images. Detailed data guide can be referred to the website of DEMETER, http://demeter.cnrs-orleans.fr.
Data analysis
A strong earthquake of M7.9 occurred in Chile (22.1°S, 69.7°N), at 23:40 on November 14, 2007, with a focal depth of 40 km, according to the report from China Earthquake Networks Center. Figure 1 shows some images from DEMETER data set. In Figure 1 , two black rectangles are plotted on each images, denoting the satellite locations in a distance of 2 000 km away from the epicenter, where some parameters showed peculiar behaviors. Electromagnetic perturbations were observed above the epicentral area a few days prior to the earthquake. It can be seen that low-frequency disturbances and step increase of density (N e ) and ion density (N i ) appeared when the satellite was within a distance of about 750 km to the epicenter on the image of November 11. On November 13, one day before the earthquake, almost every parameter and its corresponding magnetic conjugate point appeared intensive disturbances on a half-orbit above the epicentral area. Among those disturbances, the ion temperature T i is the strongest. 
Geomagnetic conditions
In order to reveal the temporally evolutional process of anomalous signals before the earthquake, 10 days data before the event were collected and shown in Figure 1 . Thirteen orbits passing the epicentral area during this time interval were included. Based on the statistics (Pulinets and Legen'ka, 2003) , we found the seismic ionospheric anomalies generally occurred in a week before strong earthquake. The projections of those orbits on surface are shown in Figure 2 . The results of com-parison will be described as follows.
Anomalies in geomagnetic field
In order to identify the earthquake-related anomalies observed on the satellite, it is necessary to exclude the effects from solar activity, planetary magnetic field and so on. Figure 3 shows the K p index and Dst index, which are related to the solar activity and geomagnetic condition. It can be seen that, all K p data are below 3 and Dst higher than −20 nT, showing the time interval before earthquake mentioned above was relatively quiet one. Figure 4 shows the results of the analysis for the electric field spectrums smoothing averaged by five points with center at about 40 Hz, three days as a group and four days for the third group, all orbits within 45°S−15°N. It can be seen that for the first group, the curves of three orbits from 5 to 7 November are basically consistent with each other, showing smoothly spatial variation in each orbit with logarithm values of A (electric field spectrum density), ranging from −2 to 0; while for the second group, four orbits from 8 to 10 November are still similar to each other, but have larger differences with each other, especially within 35°S−20°S, spectrum disturbance increases obviously. Relative to epicenter, the disturbances distribute in higher-latitude areas. Moreover, for the last group, four orbits from 11 to 14 November have large differences with each other and show drastically spatial variation, especially on the orbit on 13 November with logarithm values ranging from −1 to 1 at 15°S−5°S. As a comparison to the anomalies, the 110 Hz electric field spectrums from the same orbit on 13 November are selected and analyzed with the same approach. The results show they present similar behaviors, but with smaller amplitude at 100 Hz, showing it is a set of low-frequency signals.
Anomalies in electric field at some frequency range

Analysis of anomalies in electron density N e in terms of revisited orbits
The variation of ion temperature and density in ionosphere is affected by space electromagnetic environment. In order to verify whether or not the anomalous signals on the orbit on 13 November mentioned above could be related to the earthquake of M7.9, the temporal evolution processes of N e in all revisited orbits during the time period from May to November, 2007, have been analyzed as shown in Figure 5 . The revisited period of DEMETER satellite is 16 days, which shows similar location for all the revisited orbits just as shown in the last image in Figure 5 , so that one could find the temporal changes at the same position for any parameter through comparing the data recorded by all the included revisited orbits. 12 orbits collected with the observing time error at same point did not exceed 30 s, with the largest longitudinal difference among them not exceed-ing 0.5°. Therefore the data in different orbit is well comparable, just like a kind of mobile and repeated observation on ground. The results in Figure 5 show that, the spatial variation of N e on the four orbits during May to July of 2007 were almost the same with a single peak at equator and the highest density value is only 3×10 within 20°S−5°N and other latitudinal area varied steadily; and one orbit on October 28 that is 17 days before the Chile earthquake, largely different from the other orbits and its peak value being about 7×10 4 cm −3 as well as with many high frequency disturbances accompanied in the orbit. It is noted that the orbit is the last revisited orbit to the one on November 13. The spatial variation of N e on November 13 was a saddle-like shape with two peaks located within the range of 20°S−0°, the largest value of 6×10 4 cm −3 , and some high frequency signals existing in the peak segment. For comparison, one revisited orbit on November 29 after the earthquake were also presented with its peak values reducing to 4×10 4 cm −3 .
Combined all the curves, it could be concluded that the anomaly related to the Chile earthquake might start on October 28, and the spatial variation of N e on November 13 curve presented a saddle-like shape with the center of the magnetic equator, which responds to the anomaly of VLF electric field. After the earthquake, the single peak in N e curve decreased.
Discussion and conclusions
Based on analysis on the data observed on DE-METER satellite, the ionospheric electromagnetic anomalies before Chile M7.9 earthquake on 14 November 2007 can be summed up as follows.
1) The anomalous amplitude in electric field spectrums of 10 days data before the earthquake, especially in the low frequency range (40 Hz and 110 Hz) increased since November 8 and concentrated on the epicentral area since November 11, three days before the event, finally reached the largest one on November 13. The anomalies disappeared after the earthquake.
2) According to the comparison among observations on revisited orbits during half a year, the anomaly of electron density (N e ) increases and shows saddle-like distribution with peak value of 6×10 4 cm −3 since 17 days prior to this earthquake and much smaller peak value on the first revisited orbit on November 29 after the earthquake.
As for the mechanism for the anomalous ionospheric disturbances, one might relate them to the possible micro-cracks development, the gravity acoustic wave and then the disturbed ionosphere (Molchanov et al, 2002) . It is, however, not a simple model that can totally explain the coupling between the earthquake preparation and ionospheric anomalies, and further studies should be made on them.
